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I. ' Statu$ Summary

> A, Int'roductlion ' - <

o

ThlS is the thll’d quarterly report covering work durmg the reporting perlod
December 28 1962 through March 28, 1963 on Contract NAS-5- 2860, which ”
was awarded to The Electric Storage. Battery Company by the National Aem— ‘
nautics and Space Adm1mstrat10n Goddard Space Fl1ght Center, on Iune 28

’ 1962 S . S e )

v, B. Previous Results , .
n Y -}

4

N In our- prevmus report (ESB Report No. 7054, 2) we compared the effects of »
_ . aerobic and anaerobic hydrolysxs m(a-« alkaline envitonment on the degree
of polymerization (DP) of cellulose.k In'an aerobic medium, the degree of
- polymerization of cellulose vs. timg’ ‘tollowed-an irregular up and down* 2
~ pattern. ‘In an anaerobic medium, the degree of polymerization followed a
regular downward trend. - It was conciuded that oxication caused the 1rregular
trend and that it was the more important of the two reactions, In order to .
observe fiow far reaching the oxidative effect was,” we decided to measure the |
", tensile strength of cellulose hydrolysed in an anaerpbic medium, .and to com-
pare the results with previous tensile measurements of cellulose hydrolysed »
.in an aerob1c medlum ' :

8]

Ili .Work~,Accompll‘shed During the Reporting Period . : ,

N

This report presents tensile strength measure'nents of various membranes as well

[T

R -ds .experimental ox1dat10n studles made durmg the reportmg pemod

A, Tensile Strength of Modifled Celllul“ose . s . W 5 ' A s

Tensile strength; or the breaking strength e r. unit cross section of a mater~
ial, serves as-an indication of the structural attrlbutes of the material. Dur—
" ing chemical treatnient of a materjal, an alteratlon which would affect the
s+ - structure of the molecule would.in turn affect the tensile strength. Since
' cellulose is chemically ‘altered during hydrolysts and oxidation, tensile . s
measurements should mdlcate modlflcatlons taking place- 1n the structure
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o . of the mhiecule. We measured, trerefore, the tensile strength of cellu- .
- . 1ose. which Fad ¥ndergnne alkaline hydrolysis in an anaerobic medium,
' ~ “in order 1o ascertain the exterti of chemical modification.
o - l._Procedire - A ‘
e “ o R ’ )
T x . Cellophare samples 3 1n hy 3 in. were'cut.on an Accurate Steel Rule .
.- , die. These zamples were p]ace\d in onerchHmpartment of a double tube.
5L ol Trirry millititers of 40% KOH wwe poured into *re otner c)mparrmem
o o Jof the. TUbP The 1ubes were frozen in ]1qmd mtr')gen, attached to a
S c.egdsqng apparetu, . a*d sealed »ff urder vacuim, The frozen KOH |
: was melted and tne'" it Was pon rec into the compartment of the 1h.be
T ¢ mraining the cellnprane. r’}‘el bes woro placed in @ constant temp-,
.- 7 erature bath for designated timé periods, and then wnhdrawn ‘A IThis
‘ i . procedure 15 given in detail in the previous report ESB Report Nn. 7054, 2},

T The ‘;amp]ns were waﬁ'pd with water, 10% acetic ac1d and water.” The
- - tenm]e 'strength was meas'npa wet on a Thwrr‘g A]bert ’T'ensile Tester.
y 1 . s . . . .
“ ) . 2. Resuls . .

\“ J f - ‘ ° . Q

. - , The following:table shows a compariscn of the tefisile strength of

‘ oelloohane s«bjected 1n aProblc and anacroblc hydrolyﬂo at 90°C in
. ' . 40% KOH. B :

‘ ' o © . TABIE ) . L
Hydrolysis of Cellopbare in '4()%,]50}1 at 90°C .
) Time In Hours- * ¢ Tensile Strength in Pounds
. L Y C Aerobi¢ | E ~ Anaerobic
, R DO S 1128 ;
R 24 10. 8 ' 7.7
A ’ 48 . 10. 1 oo, 7.4 .
. 72 T3 5.8 S
- , . 96 N Y- T 5,'% ;
foo D ‘ . 120 3.7 6,9
AR RV O RS 5.8 5.6 -
| 168 . .. .8 - } " 4,5
I .192 TAll 5.2
P Lo e . 216 8,3 3.7
* 3 240 845 4.1
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The exclusion of air during hydrolysis has allowed hydrolysis to pro-
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B

ceed in a normal manner eviderced by a reqular lowering of:tensile
strength values. Hvdroly‘:ls in air rea‘ults in.tensile values which .
foilow an irregular pattern due to the influence of oxygen on the re-

actinn.

N
o

e

, Figures 1 and 2 stow tre combined patterns of degree of po]ymén‘zatiqn

{from viscosity mea“sz:remer‘ts} and tensile strength in aernbic and an- .

_aerobic media. o,

W

‘gn' Wet avnd Pry Strength Measurement of Membranes - , :

4

The dry and wet tensil® drengths of some commermally avallable separamr

] L

at ridls were measured.

1, Procedure

113

Sample 5 nf thp materials were cut into 3 in; by 2 in. strips; Ten
"samplas were measured dry to give an average tensile value. “Ten
.+ other samples were soaked in distilled:vater for fifteen minutes, and .

then tenc.lle tests were made.

Albert Tensﬂe Tester, Msdel 30 PM-24. The Wwidth of the jaws was 2 in,

The measurements were made on a-Thwing-

»and the gage length 1 in, "The machirie speed was approxxrratply 4 m

. per mm‘de‘,

2. Results L

B

’

" The fo]hwmg table cvas the rocsul*fs nf the tensile strength measure- ‘

" ménts on the varins fmna;

s



-k

”

2]

Third Quarterly Report
. NASA
Goddard Space Flight Cénter
Contract NAS-5-2860
ESB Report No. 7054.3

" . IBIEZ

Tensile Strength in Pounds

Material ' Dry = Wet_
"I Celloprane PUDO-300 ©40. ‘ 12
~2  Cellophane PUDO-600 . 56 17
3  Avisco Gel Film - - " 3 . zz2 - )
4  Fibroys Sausage Casing~Avisco - : 102 - 48
-5 - Silvered Sausage Casing-Avisco . S 110+ % o0 . 58
6  Permion,300 - RAI R 21 ¢ 12
. 7 Permion 600-~ RAL g 37 . 19
8  Polypor WA . ) 97 r 79
9. PMA95/5 - S - ‘ : 3
10 MIPOR 12CN o 8 .8
11- MIPOR 13CN : 5" - : 5
12° MIPOR 34CN ‘ 9 © 9
13 ~MIPOR 34PN ‘ 16 .16
. 14" Celldphane 1'11-1 DuPont S0 43 - 17
"15  Cellophane 111-2 DuPont 48" : 16 .

For-the cellophahes {1,2,3;14,15) the wet strength is approximately
one-third that of the dry strength. For the tther membranes, excluding.
the Mipor films, the wet strength appears to be ‘one- half that of the dry
"- strength. :
. The Avisco silvered sausage casing tested dry, reached the value )
of 110 lbo, -the maximum lnad reglate*able on the machine.w The wet
St tensile strength of the silvered film was 58 1b%. Since the wet
strength values are the more 1mportant from a practioal standpoint,
a gfmd cnmparisan nf the material strengths can still be made without
deviating from a standard sample size. The Mipor membranes exhibited
an identical dry and wet tensile strength, These membranes were not
readily wettable. Ton increase their wettabihty, the Mipors were soak-
»© = ¥ . edin alcohnl and'then in distilled water. However, there still appeared
no difference between dry and wet strength. ‘Cellophane 111-1 and 111~2"
° . were expenmemal films submitted by duPont as high-molecular we1ght .

cellophanes

el
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C. Oxi“dation Tests «

Oxidation resistance was studied using three oxidants: . Sodium hypo-
chlorite, gaseous oxygeén, and. potassium permanganate. The potassium
permanganate method was asc<essed to be the mostuseful method be-
cause all memb‘a,nes could-be convemently tested in. it, and reproduc1b1e '

‘results’ could be obtamed ina short time perlod. . 7 o

w @

1. Sodlum Hyoochlorite Method

D"‘

Sochum hypochloxite was reported as an ideal oxidizing agent: because
'1t oxidized homogeneously,  operating in an alkaline medium, 'However,
the hypochlorite solution presented: mstabil;ty problems which we,were
never really able to control iy . .o

v &)

~ o

W(. trled to dilute the NaOCl solution usmg 40% KOH in dilunons of .

' 2500 parts KOH solution/1 part NaOCl solution . Even. with this largeé  ©
amount. of alkali present, the solution waq not stable as shown by . }
analysis of the solution ori a day- to~-day basis, The reductmn of the

- hypochlorite did not follow a regular rate and so it was 1mpossible to-
establish a uniform rate for the spontaneous decomposition of the hypo-
chlonte solution. We thus decided to discard the. hypochlodte method

Vo

2, Gaseolos Oxygen Tes‘t‘ , - .
Our next attempt to develop an oxidation test was by bubbling oxyuen
through ‘an alkaline solution containing.the sample to he. oxidized.

- This method is useful with the cellulosic materialg, but requiros
excessive time for rore inert separatorsc C o : ';fj

Ty T e ooy
4, Proced’ur’e .t N BN

Samples of pellophane 8 m. by 4 in. 300 PUDO were placed in a
gas washing bottle, tall form, with a fr1tted disc, They were tﬁen
covered with 400 m} of 40% KOH. - Oxygen gag flowed into the ‘I\\
bottle'at a constant rate of 14 cc/min regulated by a flowmeter \

- attached to the tank. The tests were run at 25°C and §9°C for o

Y \

’ W

Goddard Space Pllght Center
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Jrien

. various lengths of time. “Aiter-removal from the bottle, the”
" 7 ‘ . ,,cellophane samples were washed with water, ‘acetic acid,
" . ‘ ©water, and dried. Solution viscosity tests were run to deter-
mine the degree of polymerization (DP) of the cellophane,

. .
& “ - B o

- : o b. Results . L Ca
o . The data obtained from the samplés run at 25°C showed the

2 B ‘\ same up and down pattern of DP measurements, that was re~"

' ‘ported previously. At 50°C a regular curve was obtained over.
a three day penod as shown in the following table,

"

© TABLE'Y

Cellophane Hydrolysis with Gaseous Oxygen

- v in 40% KOH at 50°C
B v t ’ . . | ' = ' N
Time in Hours : - Degree of Polymerization
0 ( I : - 533" - ‘
v 1 o . S . 526
. 16 o - 1
24 P ) . 439 v
. 48 , 4 ; 399 K
- B o 72 , “ . o - ' 372 &

Accordmg to the work done prev1ously, the change in the dcgree
S of” polymerlzatmn of cellophane in an alkaline envircnment in the
" ‘ - presence of oxygen exhibited an 1rregu1ar pattern. However, the
’ e ; .results obtained by bubbling oxygen through KOH at b0°C follow
‘ ’ a regular downward trend. In addltlon to the rcgular trend the
. degree of leYl’nel’lZdthl’l values are also much lower than any
repurted for anaerobic conditions at 90°C after ten’ dayu, and
for acrobic conditions at 60°C after three days A comparison
‘of the results obtained in the aerobic hydrolysis experiments,
. and those in whlch pXygen was bubbled through the solution,
indicate that oxygen availability is the controllmg factor in the-
7 viscosity curves offered. /. ‘
. . . 3 g , - ooy J

: : s :

BN
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Since the hqurhhrite method was found unsuitable sbme other

method was- Yueeded to assess the ox1dat1on resistance.

“A-“method.

using potassium Dermaﬂganafe for testing alkalme battery epdrator‘s

was awaﬂable, ‘and was adop'ed to the current. work The extent cf
_oxidation was 1ea‘=“red by weight 1585,

a. Procedure

g

“The material was dried. for, two hours at 80°C. A’ weéighed sample’
of approxinﬁate'v one gram of the dried sample was placed_in a 600 -

_,ml beaker cowtamjng 250 ml 5% KMnQO4 and 50 ml 25% NaOH..

-'The

eighed sample was -forced under the surface of the solution by
means of'd glass rod. "The beaker was placed, for one hour ina .

constant femberafure batt. at 50°C.

When the treatment was finish+-

ed, the contents of thé beaker were washed with distilled water -~

until the disappearance of the red color.

One hundréd ml of a ‘5%

oxalic ac1d solution; slightly acidified wuh H;80,4°(5 nl conc.

H,804t0 1000 ml of 5%. ')xallc aCld)

were pourOd into the beaker,

i

%

and then heated to 70°C.

This process dissolved ar+ manganese

dioxide still adherent to the test piece,

‘Jsample was thenvdried ™ constant weight.,

with d1s*illcd water until the test for oxalate was negative.

The sample vas washed

The
The' difference in

: weight betweer‘ the or 'ginal and the final welght was recorded as

. a percentage loqs.

" b, R9§_u1. v

v

Several membranés were subjected to

¢
I

permangana‘re oxxdation and :

the results are recobrded in the following table.

S TABLE 4

KMnO4 Oxldat

'Materjal

J
-

MIPOVR‘ 13CN | .
- ‘MIPOR 34PN * S

Polypor WA

PMA 95/5 -,

S11vered Sauqage (‘astng

Fibrous Sausage Casing

2

[

“
(V)

Eercen; Weight Loss o ‘/
' 0' 8 s ,' /, :
’ 16 T ./{ »
"3 ] v ’ : ."/,'

onfor 1 hr at 50°C

e

"

123

: . Y
v 38 ’ i ‘

ol

-
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- ’ CFllaphane 600 PUDOC was subjected to the KMnO,4 \reatment at
o T > roOm temperature for 1 nour. The film crumbled upon removal
e o from the beaker. Tne weight loss was measured as greater than
' torty pc,fvent, ' : '

2 - : . -

L ‘ . Thia test hac given us repmdumble results in a relatively short .
o period of time. * It can be useéd, with mod1f1cat1ons, on all films.

: - - Other films will be sub]ected to this.tést in order to compare thelr

:‘- < -~ relativa nx1datwe m::stance -

o o 5

“

L B
111. Investigation of: Commercial Sepa,ra‘tors

»In addition to the twenty-one wparators listed in the preceding quanerl/ repqrt
the following separarm: matenals were-studied; . ¢ i e

. ;22,';; Ceilophane‘— 111-1

]

‘j- - ,\f . 23, Cellophane 11] - . -

» These are expenmentai cellophdnes made by E. L. cmPont de Nemours and
] "« Co. They arg presumably regenerated cellulose’ ')f high molecular wexgrt .
‘ Neltner material is mcqmmerc:al production, » '
i ' c - ~

©- 24, f‘iﬂbrous Sausage Casing {Visking) . - o S -

25. Impregna‘ted Cellophane ‘ -

-

) ers is duPonf’q (,ellnphane PUDO 300 {iderntical w1tn sample No. 1), im- B
- pregnated with. m~-pheny]ened amine, as descnbed ih our c.nd Quarterly ‘//"/’"
Report No 7054, 2 {page 8) L - o R R

| 26. Ac' opor WA - a wéak- dcn‘ acry]w ion exchange resin,/made by
y Gelman Instrument Co. Prellmrary tests had mdicatec’rthat it was suffi-
" ciently different from ihe Polypor WA, (madp by Nxemand Bms before trans-

fer of operations. tno G&lman) to warrant a ‘separate s/};dy

v

ot
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A. "Tests and Procedures ’ -

"~ " - -

_ These materials were subjected to the same tests as the original samples, -

i.e.’
1. Electrolyte absor ption and retention (at 26°C).
" Electrical resistarice after different soaki.ig-times. v
_3. Electrical resistivity, after 24 hours s:aaking. ’
The procedures ug ed far I‘*e mdw‘dual tests have been deocnbed in the ch
Quarteriy Report :

N . - -

In aadmon, the d1mer~smnal stamhfy of all samples afrter vanous soaking
times’, at three temperamre levels {room temperature, —28° and + 90°C)

was mvesUgated The procedure was as fOllDWS‘

Sa'mp’les 3 x 1 inches were uﬁed in the early work later,. the sample 51ze

was .increased for the sake of greater sensitivity in measurmg changes. The .

samples were die cut by means of a steel rule die (Accurate Steel Rule Die
Manufacturers, New York) Changes in length and width were measured with,
a stamless steel ruler. The thickness, before and dfter the tests, -was
measured ‘with a stainless steel irdicating gauge (Ames, Model 262), having
a.foot 0.500" in diameter and loaded at 5 02/sq. .in.. The thickness of each
sample was measured in several placeQ and the- 1e9u1ts averaged !

-~ ) -

For testing at 90°C, the camplea were covered w1th 31% KOH in cylmdncal

.. stainless steel pots, 2.5 in. high and 3 in. diameter, equipped with tight-
~ fitting stainless steel lids {to minimize evaporation and CO, absorption).
« The closed pots were placed in an dven, controlled at 90 + 1°C, '

- o
[

The tests at the lower temperaturés were carried oyt-in plastic cbrfta:iners

'(modified acrylic) which were-also equipped with lids. The samples which

were to be tested at -28°C were placed in a refng wamr, .mairitained at this

temperature.‘ . s TS L
‘B._Discussion of. Resultq o \ v
T J = - ) . . v . o

Tests gesp]ts‘are summarized in Tables § through 10.

)3
. <5 . B
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The dimensiona; .,hange measurements were carried out for four wéeks.
All’but ‘one of the n.aterials tested (a cellophane) survived the soaking
~at =28°C for four weeks. Several celbphane samples were to2 much
deteriorated after four weeks in 31% KOH at room temperature to permit
a reliablje measmemem of their thickness. , The remammg sampleb, in-
cludmg =ome celhphanes C')ulc 31’111 be. meaaured :

c R 2 - “ . o

'None of the materials survived mofe than three weeks. ;ﬁ KQH at 90°C. -~

el

" The new experimental éellOphaneo”sho‘Iv slightly hig her/el'éctri'cal’re-—

'gistivities'tkan commercwl grades but the d1fferences are very minor. - . |

‘Both exhblt shghtly less swelling in thlc.kness buit both absorption and

retention of the elec rolyte are markedly lower than for cormerc1al grades.«

J

The amine treatment also caused a, substantxal decreaseqn electrolyte

“ absorption and retention of & c')mmerczlal cellophane (cf. .Nos. 1 and 25).
but it resulted in a moderate lowering of the electrical re51st1vxty which
was low to begin thh \from 8.45 to 7 8 ohm-cm) ;)

'Vlskmg Fibrous Sausage Casing shows an absqrpnon sxmilar to the grades

- tested befpre. While the retention appears somewhat lower, its resxst1v1ty

is“of the same order.,,

Alzsorption aii”d retention values for Acropor WA were approximately 40%

lower than for its predecessor, Polypor WA. At the same time7; however,
- its electrical resistivity was also_substantially lower {around 12 ohin-cm

for Acropor, against 20 for P’)lypor) Tms brings 1tq resistivity close to

that ‘of cellophane. ’

IV PutureWork‘ - N ‘ | o )

o - ) f

The remaining tests on the dlmencinnal stablhty are under way and: will be m— ,

Gluded in the next quarterly report. T

t)

Studies of the 'ox1datmn reswtance of currently available separators are con-
tmuing and are to be extended to xmpreqnated and modlfied matenals.J

Modifications of existing materiale by sunable impregnants, by crosslmking

ﬂof .cellulose and by graft- polymenzatlon will be studled o

o . -10-';“"‘ . R

(O]

N]

Es
\
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" All equipment apd materlaL for an investigation of sﬂver mr» m1grat10n by . s
means of radioactive tracer techniqies have been received. These studles ? ' 2
. shouid be completed during t}*e next reporting period? ’ :

N

~ . V. Literature Survey . v
P e}

The survey .')f the avaxlable literat L.re was con’mued New patent$ and the

oubhshed Iiterature were covered: as 'well as reports’to the U.S. Govemmental

agenmes on wnr,( done 1 “der contract by various organizations. ‘

S ) 2

' é . Extenswe work on ‘the devehpmert of new separamrs was dfme atsthe Poly-

technic Injtzt"j rf Brooklyn during 1951 1~1957. .under the direction of Drs.
T P, F. Bruins “and H. B. Gregnr, under cnntract with the U.8 Army S1gnal
E ’ (‘orps [Contracts No. DA~36-0398C5425 and DA~-36~ O39SC‘r2378) A large ”
part of this effort was directed towardes the development of separatore for silver-
:. zinc batteries. T‘*ree mam lines nf approach were followed . i "

a ‘1.* Modification of cellulose, EEE .0 ST
L “Polymeric film%type membranes. . ' S S R
g o \3. Ton exchange resme, dispersed in film- formmg polymersn '
g:. _ ° 'Oneof the numerous expeximental xnembranen developed in 'rhe course of this ‘
l work is in commercial production. It ig made by dispersing a hydrophylic polymer, - .
‘e g. poly {vinyl alcohnl} in a film-forming matrwx sucy as Dynel (a vinyl chloride~ '

o acrylonitrile Copolymer,ﬂ I forms the swbjecr of U. S. Patent 2,884.387 {3ce * .7
!_ ~ 2nd Quarterly Report pp. 12 ard 25) and.is presently manvfactvred by Gelman
" Instrument Co. under the nadendme "Acropor® {previouslv "P\lyper”,' made by |
l Niemand Broe,‘) - I _ “ ]

" [\ " 2
All rhe work at the Polytec knic .'P‘:tltllte nf Bmoklyn carried out between 19b1
) and 1957, . 1L embodled in.26 Quarterly Reports.to. the Army Signal Corpb. Parts - .
{ were alap feported irt the chemical literatufe; an article by Shair, Bruins and - o
. ' Glegor(l) described the use of m; phenylenediamine impregnated on a micro- *
poroucs membrane.and crosslinked by mmaldn}*yden Another paper (2) deals with

ﬂ, separators made by casting polymenc films witk finely distributed ior exchange

reSms Indiwdual phaces of tke project have been the subject of a number of -
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Other new separators. or novel forms of older separator materials, were
"« described-in the patent literature. A search of the patent litérature produced
S only two new U.S. patents. In addition, a m:mb‘ér. of japanese patents-describe
l\separatfwrx. for the silver-zinc system. Some of these tread familiar ground but

others

employ novel compozsitions

e.g. mixtures of poly {vinyl alcohol) with

= .poly {furfuryl alcohol},

poly vmylpyrldme, or poly {vmyl pyrrolidone), or co-

polymers of vinyl alcohol with vin vl pyridine or vinyl pyrrohd'me.. These: addr— -
twnal patents a“e 11~ted in the Appendlxr S

Evaluations »f various combinations of previously known separator materials:are -
o - described in several reports to Governmental agencies. These are principally “

4: -7 the follpwing:- ) ‘ ’
R DP‘]CO-RemQ Divi qfirm of Geheréchmors Corp. _ T
: : Final Report ASD-TDR-62-668  © * o

under Air Force’ Cnntrac‘t No. AF33{600)-41609 (October 1962) .
Mlss1le Battery lef-uon,, Electnc‘ Storage Battery Company _— - - )

¥ FinalReport E-6-63 v -
‘:\f - under NASA Contract No. NAS 5— 1607 (March 21

s

1963}.\‘ o

0

‘: Earlier reports by th@ anle waer Co. and by Gulton Industrles were: alqn con-

suited. . :

ik ’ I;it.L ‘ature Re'fe‘rences L ' - B | |
=S S Shalr, R. C.. Bruins, P. F., Gregor, H. P., Ind. Eng. Chem.
L |48, 381~ c3(19%) o ’
B e, Bieber, H. H., Bruins, P F., Gregor, H. Pvr Tna, Eng. Chem.
S 50, 1273-8 (1958).

. : . ? | ’
EIE Yoo ) A M
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VI. APPENDIX

_ L "~ Patents Pertaining to Separators for Silver-Zinc Batteries

(o)

S*Patenfs - T

i,

o LR

3,049,578 - Appl. 3/12/% {esued: 8/14/62 - E. Ion:son 5. U. Falk..
: \t:) A/R Iungner = Cellopbane bags.:" L - —

:‘{I“”I‘!,r

3,071,372 - Appl. 2/17/60 issued 3/12/63 - D..G. SDltlS (to. Ur.iﬂn

L ’ . /- . Carbide Cou} - Heat sealable separator made by coa*mg
g e paper Nith a mixture of paly €ethylene ox1de) and methyl” DS
o © cellulonse.- . . ) ,

° 7Japanese Patents

l 1470/59 - Issued 3/18/59 = T. Fukuda; S. Oda (to.Matsushita Electru‘,‘
. ‘ : - Ind.} - Cellophane separator, tredted in a bath containing
l formic and hydrochloricvacids (to.improve alkali resistance).
-~ 1824/89 - " Issued 4/6/59 -~ M,.Fukuda, T, Iwaki {toMatsushita Electr. A
g ' - : Ind.) Poly {vinyl a]cohol} separa'rorc treated in a bath con- |
l.- ’ taining formic and sulfuric acids {to 1mpmve chemical resistdnce)
and sodium sulfame (to reduce electric- resistarce)
l T 2764/59 -  Issued 4/21/59 S Matsunu {to Yuasa Battery Co ) Separators ‘
' with improved resistance to alkalt ’
v ’ v e ‘ v
l a. Parchment paper, coated with a resin. L
) o b, Filter paper, impregnated with poly (vinyl alcohnl). ‘
l . " ¢. Microporous rubber, 1mpregnated with ethyl celluloseh
‘9(‘)69/6'0‘ - Issued 7/13/60 ~ K. Osawa (to ]ap° Storage Battery Co. ) - "Silver )
I . cellophage", mdde by immersion in AgNO; $oiution, then formaldehyde
txeatment to reduce AgNOs to coll oidal ‘Ag.

N - i v

)

- 13~
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18658/60

18659/60

18660/60

. .18661/60

o]

— FaS

_ Issued 12/26/60 - M. Fukuda et al (to Matsusm:a Electr. Ind. )

Smamer e o wcan o L
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Copolymers of v1ny1 -alcohol and’unsa‘ruratea alcohol, m sheet

form,- used as separafnr».

sued 12/26/60 - M. Fukuda et al {to Matsushita Electr. Ind.)
Mlxture of poly (vmyl alr‘ohol) and furfuryl alcohol raqt into

sheetsc(su “ported t?r L.nsupported, 1o f’)rm separators.

L

Y

'Issued 12/26/60 - M. Fukuda-et al (t//N’at‘susmta Electr. Ind. )
Mixture ofspoly (vinyl alcohol) with poly (vmyl pyndme) or poly

: {vinyl pyrrolldone)

>

Issued 12/26/60 - M. Fukuda (tonatsushita Electr. Ind.) .

,Vinyl alcohol is copo]ymerlzed with’ vinyl pylidme or vinyl

Z

yrrplido'le .

.- . C L =14
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VIL. Err____ )
. » Re‘ 1t 7054, 1 (First Quarterly Report) *
p. 6, last paragraph L 4: ) s
} = : ' .
3 . For: .+ .in going from the hydroxyl group (17g) to the
. , carboxyl group (339). - . 7
3\» - g Read: “...in gomg from the CHOH group (30g) to the .
S . o rcarboxyl group ‘.(45\g). o :
R Report 7054.3 (Second Quarterly Report) B
; v . Ps 15, last paragraph 1: /o~
i R o -
EJ . For: "active,'"read "above" .
" ) ‘ " 3] '
‘ " 'p. 18, last .paragraph, 1.1: Ny ’ g
u)“ ‘ 2 . . i o, v X / .
‘ “ . . . For: "mechamcal" read "d1mens1ona1"
. p.za13, o ) o
A . For: "4/28/50" read "4/28/59" ' ,

w

C
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: o " ©  TABLE 5 -
g ‘ Electrieal Resistance (Ohmo) in 31% KOH at 26°C ’
. " After Different Soaking Times B
e Sl (Average Values for 3 Samples Each)
| sample Mo Materlal -0 TTeee. 5 min.’ 10min. 20 min. 1 hr 24 hrs. .
L z2 Gellophane 111-1 (duPont) - 0 ‘687 0.084  0.083 ~ 0.083 J0.076"
} 23 Celiophane 111~ Z(duPont) . 0.093- 0.08  0.085 0.082 0.079
” 24 . Fibr. Sausage Casing (V1§k1ng) 0.166_ . 0,156 G.'158 0.154 0.172
. 25 'Cellophcme PUDO-300, impregn. °0.084 .0, 069 0 071\ .. 0,068 0. 065
26 Acropor WA | .+ [ 0.280- 0. 68/ . 224 0.190-.0, 156 ’
. . . - ‘ . ’/?,/( “ N
, ) // .
: TABLE 6
= o
> : ) // 5
; v Electrical Resistance in 31% KOH at 26°C .
] ) - - 1 K ) N - )
Sample Matenal ’ " Rg» % Devia- Dry Thickness_Wet Th1ckness D - R, o
A No. \ tion ~ inx10" ¥ cmx10 inx10”™% cmx 10 Change
22 Cellophane-111-1  .076 - 3.9 12 30 29 . 14 139 0119,
23 Cellophane 111-2  .079 8.6 12 30 30 - 76 '/,'f1>50 .012 10,
> 24 Fibr. Saus. Casing 172 5,2 4] 1104 80 203v ,+95 .026 8.
25  Cellophane PUDO-300 .065 3.0 10, 25 32 81 *+220 .010 7,
26 Acropor WA" . 0.156 23.3 41 " 104 50 127 £22  :023 11.
© . ColumnNo. - . -1 .z 3, 4 6 7" 8

- 'Légehd:‘ N

Ty

[

)

l

exposed area 0,15 sq. in.. (average ef3 samples).”

Columns 5 S

' ‘C/)olumn(,Z: Average % deviation of the 3 samples of Commn 1

\g/

~

’ <

et ™~
and 6: Thickness of separator after 70 hours soakmg in 31% KOH. R

/
/

after 70 hours spaking.

Column' 9: p = Speciﬁc Resistivity (ohms ~ cm),

\I Bl

~N

" Column 7: "’/‘o Change shows. <;welling (*+) or shrvnkage (<) of separator thickh';es:'é - \;—'-"

' Celumn 8: Ry = Resistance (ohms for 1 sq. in.), at dc*ual th\ickness.

.Column 1: Ry = Observed values (oth), resistance after 24 hrs. soaking in 31% KOH,

e RO NN

g

N o]
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vL‘léctrplytétAbgorptiDn and Retention at 26°C o " ‘ -

Dry We"l'ightg "Thickness
cmx 10~

grams

0.

0

“

0.
-0,
0.

Dry

C el 3

1531
2894
0659

1061

Wet

T 74

76

- 203

*48
122

" Vol.

cm?®

- 93
236

x 1074
Dry Wet

- 294
887
194

"252

o

Absorptiori

‘g

. 0.6965 4.7
71,0144 3.2

g/cc

108~ 887 0.5560 5.2
147
314

1 0.3521 3.8

0.3210 1.3

Retention
g 7 g/c

0.2151
———2_0, 2854
0,5578
0.2103
0.1556 -

°

C

a

O W 0 OO
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u—-)——-cl—-
No— O

7

N

C,ehopl}ane PUDO- 300
Cellophane PUDO-600

.." Cellophane 140-PUT 76

Cellophane (Avisco
Cellophane (Avisco)-

' Cellophane (Avisco)

Sausage Casing (Avisco)

Fibr: Saus. ., Casing (Av1sco) f

Silvered Sgus. Casing
-Permion 300

.- permion 600 '

bt
W W

—
(52

—
© ~

—
O
:

NN NN
wt\)_e O ~C

24
?o

'26~

AMFion C-60 ¥
AMFion C-103

Polypor WA ~
PMA/Polyethylene

" PMA/Polyethylene

<

" PMA/Polyethylene-

Mipor 12CN
Mipor 13CN

~ Mipor 34CN

Mipor 34PN
,Cellophane 111~1 L
Cellophane 111-2 . ‘

A ESB Report No, 7054.3
Dimensional Changes if 31% KOH at -28°C R Y
70 hours : 7 days
Width Thickness Length Width 'f‘lrnckness
+ 10 +300 - -5 410 . +300
+15 440 0 45  *360
+15 37290 -5 H5. - +280
410 + 300 -5  +10 + 290
+60-,  +3%5 $15 455  +370
45 $240. 0 T 0 by 240 T
+ 60 +350 ~  +10 465 - -+255
0 t650 . O 0 +650
40 + 4%0 0 - M5 +410
+10 +180 +5 410 +170
+5 35 0 5 +10
0: +10 0 0 ,+10 "
0 0 0 o - 0
0 45 0 0 - . *5
Tests not complete. - C
Tests not complete.
0 0 0 0 0.
.0 45 0 0 +5
.0 0 0 0--_ 0
0 0% o ¢ 0
+ 20 +240 0 $20° v +.200
+ 20 L+250 0 $200 4+ 230
0 " 4300 -115 O “+ 260

Fibr. Saus. Casing (Visking) -
’ Cellophano PUDO-300, 1mpregnated w1th m-phenylenediamine - Tests not complete,

Acropor w -

e -

’

‘TABLE 8

¢

0

1

O - |

cCoocod o

coococ oo

5

e — 8 — U1
o @ &

Lergth

=90

’ Lége.nd 0 denotes less than 5% chance ‘
% Test diucontinued due to ¢ ample deterioration.

»

Tests not complete

‘‘‘‘‘‘

A
b

TN
-

EY

o

R
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# ' Dimensional

€]
[0

1

b
14 days

Length wmﬂﬁ;& Thicknes3-

10« +10'  +330

0 +15.  +380

-5 - +15 +27°

-5 +10° 4320~

+10 350 - +340
. f+275
+10 7 w65 - +400

45 +430
5 410 +l60

Ed

0-
‘ [ +5.

Test$ not complete.

Tests not complete.

0
0

' Tests not complete.

v
< 48

cc oo

$5. 7 328 . +200

0 s20 220
“U-115 0 o . %260

Tests not complete.

~ Tests not compiete.

-

TABLE 8 (Cont'd)

anges in :

10 = 0 7 +675" T +700. .

S +5 10~
0 4107

o -

Third Quarterly Repo’jrt

NASA
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N

31% KOH at -28°C -

Thickness

+280
-+ 420
« +330
<+ 400
. +345
+ 265
+330

+ 385
B .
0

+10° .
-0
+5

-
¥
.
) .
2 /
v ~ oy
s b
NS
'
2 )
VIR
4y !
Y i/

- 28 days
Length Width Thicknes

|

% +15 +420

-10. +10 +350

5 +10 . +300.

T=5  410- o +360°
P10 30 . +320

407 45 +300
e * o 4345
4-10 . 0. . +800

10 +55 '+395

15 0

0
LO L9 - +15
.0 o - 0
0 20, +25
R “\, ’: Y
0, ~ . .0 *5
r"/}\ "'0 ) 7 +1.‘O ”
0. .0 +15
Q. 0 -5

45 +20. 4250 -
45 420 +370
[F100 "0, 7 4330
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NO O N O~ WPy

26

B

. .2 10 hours - o "7 days . ,
b w " Length _Width Thicknes_s -Length Widtih Thickness’
Cellophane PUD®—3OO A5 «5 0 4280 -5 745 +200
© Cellopharie PUDO-600 .- 0  +5 +160 0 45 165
.- “Céllophane 140- PUT 76 0 - +5 +170 0° * 45 170
:.Cellophd“}e (Av1sco) ~ -5 +5 190 %= . 45 _+280
- Cellophane (Avisco) 0 410 . #1600 -~ O © 410 +160 -
":CellopHane (Avisco) 0 "+5 +175 0, 0 +190 7
Sausage Casing (Avisco)- 0 +10 -+ +175 S0, +10 +170 :
" Fibr. Saus. Casing (Avisco)  °=5 +5 +170 -5 0 +180.
. Silvered Saus. Casing -5.. %5 +60 - c- =5 %5 +160
Perinion, 300 ’ +5 +10 +#25 #5410 D <
Permion 600 . .0 0 *25. o - .0 " ¥25
AMFion C-60 .- ' 0 0 LY 0 0 410 -
'AMFion C-103’ P 0 - -5 -0 0 - =10 >
, Polypor- WA  “. ° 0 0, L =5 . .0 0 0.
PMA/Polyethylene . Tests not complere. e o e
"PMA,Polyethylene - . - , Tests not complete. L g R
PMA&/Polyethylene . - " ests hot complete. ’ -
Mipor 12CN : 0 0 0 0 (1] 0. ;
. Mipor 13CN, . © - ¢ 0 o 0 0 0 o 5
* . Mipor 34CN ST <150 0 0 C 0 0 45
Mipor 34PN o . 0 (. 0 0 0
Cellophane 111-1 0" » *#10 ¢ +150 L0 TE %10 +140 ]
Cellophane, I11-2 - ) 0 5 +150 - 0 +5 +150
Fibr. Saus. .Casing (V1skmg) ,-‘-?3“ L +120 . =5 ~0.- +95 g
Cellophane PUDO 300, 1mpreg ]‘ests not_complete. a ) 2]
Acropor WA . '1‘ W

O

-

' Leqend 0 denotes less than 5% r*hange.

‘% Tests dlscontinued due to\qsample doterioration.

AR

o . TABLE 9

ests not complete,

% Dimensional Changes in 31%vKOH at 26°C -

R T s atandomarad - RN

i
e ST Ny
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TABLE 9 (Cont'd)
% Dimensional Changes in 31% KOH at 26°C -
. 14 days i © 21 days : ‘28 days
! Length  Width: Thickness  Length Width Thickness Length Width Thickness
| +5 +5 +170 * o *
i z 0 +5 - +180 0 +180 = eow =
o3 -5 " 45 +175 R * *
" 4 *10 +280 * * * SR
i S5 0 +10 +16 ] +10 +160 0 +10 . 160
i , g 3k E sk ’ B % : %=
. 6 -5 3 L% ) 8 SO o &
. 7 0 1,102 7 +160 0 +10  *160 0 10 -175
N G . e o +19C 0o 0 +190 . -10 0 +200
) 9 -5 0 +180 -5 +5 +180 - <5 45 +200
. 710 +5 * +10 S +10 +5 _ +10 +10 +5 ¢ +10 +50
11 0 c S 420 o 0 *20 - 0 0 +29
T2 o 0 +10 - 0 0 +10 "0 0 <15
13 Q- 0- 0 -0 o’ . 0 T +5
14 - 0 - 0 " 45 - 0. 0 - +10 o 0 +30
h 15 Tests not complete. T L -
16 Tests not complete. ’ g
) 17 . Tests not complete. , ’
18 "0 .0 0 0 0 .- 0 0 0 +5
19 0 -0 +5 0 0 +5 - 0 0 $15.
v 20 0 0 +5 0 0 +5 0 . 0 415
21 0 0 0 0 0 0 - 0 .0 .5
T 22 0 +10 +140 0 #10 . 4140 oL kL 2
i 23 0 +5 " +150 QY. % +150 - 0 ok 150
C 24 © =10 0 495 =10 0 © +95- =10 - 0-  +l110
25 Tests not complete. - o ’
| 26 Tests not complete, o '
g ! i

=1
s
}
.
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>

% Dimensional Changes in 31% KOH at 90°C

Cellophane PUDC-300 -25

1
2 Cellophane PUDO-600 -20
3 Cellophane 140-PUT 76 . =15~
4 Ceilophane (Avisco) . -20
5 . Celiophane (Avisco) ’ . =15
6 Cellophane (Avisca) : ©.-10
7 .. Sausage Casing (Avisco) . -20
-8 TFibr. Saus. Casing (Avisco) - -10
9  ’Silvered Saus. Casing < -10
10 Permion 300 : B .0
_ 11  Permion 600 _ -5
- 12 AMFion C-60 0.
13 AMFion C-103 . <. .0
14 Polypor WA -0

.15 - PMA/Polyethylene
16  PMA/Polyethylene
17 ~ PMA/Polyethylene -

18  Mipor 12CN } .0
19  Mipor 13CN T U
zo Mipor 34CN : - <15
.21 > Mipor 34PN~ . : =15
22 “Cellophane 111-1 (DuPont) -5
23 Cellophane 111-2 (Dqut) =10
24 Fibr. Saus. Casing (Visking) .~13

25  Celiophane PUDQ-300, 1mpreg
26 Acropor WA

°

Legend: C denotes '2.s than 5% change *

15

-~

D to o ¢

+1Q

0

0
0

0
0

. *+10

+5
+5
+5

T ~10
" Tests not complete.
Tests. not complete.

5

. 70 hours -
Length Width Thlckness

+280
+260
+220
+330
+210
+240

4250

+220
+230
~-10
+45

,+5
,’0
415
Tests not complete.
Tests, not complete.
Tests not completé.
+15 -
%15

+35
~15
+260

. 4120
‘+210

% Tes'r"discontmued due to ca...plc detenoration. ’

a~r

A

=25
-25
-15
~20

7 days -
‘Length Width Thickness

[

+300
+250
+200
+300
+195

st

oAt

© . +235

+195
+210

=20

+50
+5
0
0

+5

+10
+40
+30

- +230
+120

+210

t
bt el
PR -

o

! jifi Zi “7

—i



B

7 T S

' - Length

m'dcjkﬁ

10

12
13
a4
15
‘16
17
18
19
.20
21,
22
23
24 -
25
26

-25  +15 +31C
=20 -5 +260
~20. -5 +200 .
-25 0 +320
-20 0 +275
-25 % +300
-15  -10 +240
-20. - -5 [ +270
0 +5 = +20
-10 0 - . -+36
0 0 0
£5. v« +5 © 0
0 0 ;

% Dimensional Changes in 31%

14 days *

Width -Thickness  Length. Width* Thickness

Tests not complete.

Tests not complete.

Tests not complete.
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